Abstract. The present study aimed to elucidate the clinicopathological characteristics of resected mucinous cystic neoplasm (MCN) with ovarian-type stroma and identify a surgical approach for MCN treatment, on the basis of Republic of Korean (Yonsei University College of Medicine, Seoul, South Korea) and Japanese (Nippon Medical School, Tokyo, Japan) bi-institutional collaboration. The present study retrospectively reviewed 55 MCNs with ovarian-type stroma using pathological re-examination. Clinicopathological features and preoperative clinical parameters were evaluated to predict malignant alterations in MCNs. The proportion of surgically treated MCNs has recently been increasing. All patients included in the present study were female, with a mean age of 47.9±13.3 years. Mural nodules were noted in 8 patients (14.5%) and the mean cyst size was 6.1±4.2 cm. A total of 9 patients (16.4%) were identified to exhibit non-invasive mucinous cystadenocarcinoma. The number of patients with small tumors (R 2 =-0.079, P=0.038) and asymptomatic pancreatic MCNs (P= 0.022) was significantly increased (P<0.05), which resulted in the more frequent application of minimally invasive surgery (P<0.001). During the follow-up period (mean, 51.6 months; range, 1.1-242.8 months), no recurrence or tumor-associated mortality was identified. The presence of mural nodules (P=0.002) and a tumor size ≥4.5 cm (P=0.027) were identified as potential clinical parameters for predicting malignant transformation. The significance of mural nodules in predicting malignant transformation was increased in large MCNs (≥4.5 cm) of the pancreas compared with small MCNs (<4.5 cm) (P=0.002). Overall, non-invasive pancreatic MCNs are not aggressive, and minimally invasive pancreatectomy may be an effective approach for suitable patients.
Introduction
With improvements in socioeconomic conditions, individuals have developed an increased concern for their personal health. As a result, routine medical check-ups and use of highly available imaging procedures have led to the increased diagnosis of asymptomatic pancreatic cystic lesions worldwide (1) . A cystic tumor of the pancreas is pathologically heterogeneous and accounts for between 10 and 15% of cystic lesions of the pancreas (2) . Pancreatic cystic tumors are biologically diverse and typically categorized as a serous cystic neoplasm (SCN), a mucinous cystic neoplasm (MCN), an intraductal papillary mucinous neoplasm (IPMN) or a solid pseudopapillary tumor of the pancreas (SPT). MCN of the pancreas is a notable pathological entity of the pancreas, histologically composed of inner epithelial mucin-secreting cells and a surrounding dense ovarian-type stroma. However, there has been confusion between MCN and IPMN, as ovarian-type stroma was not previously regarded as a diagnostic criterion for MCN (3) . However, the World Health Organization classification in 2000 emphasized the significance of ovarian stroma for the diagnosis of MCNs (4, 5) and the consensus meeting of the International Association of Pancreatology, held in Sendai Japan, restricted the term MCN to a neoplasm with the presence of ovarian stroma (6) .
According to a Korean multi-institutional survey (7), MCN was identified to be the second most common type of neoplastic cyst of the pancreas in Korea. The majority of MCNs are identified in middle-aged females, and are typically located in the body and tail of the pancreas (8) (9) (10) . MCNs have been demonstrated to exhibit malignant potential, but a good prognosis. However, the diagnosis of pancreatic MCN remains rare, comprising between 1 and 2% all pancreatic tumors (11 analyzed by one study (12) , however, only a limited number of other studies have described surgical experiences with MCNs. In the present study, surgical experience with MCN of the pancreas was reviewed, on the basis of Korean (Yonsei University College of Medicine; YUCM) and Japanese (Nippon Medical School; NMS) bi-institutional collaboration. In addition, the present study aimed to identify the clinicopathological characteristics of pancreatic MCNs detected between January 1990 and December 2012. Furthermore, the pre-surgical clinical parameters that are predictive of malignant transformation were analyzed to identify effective surgical management of MCN of the pancreas. 34 .5%) were identified to exhibit a pancreatic cystic tumor via routine medical check-up. Abdominal discomfort (15/55, 27.3%) was the most common clinical symptom. General weakness and weight loss was demonstrated in 9 patients (16.4%) and an abdominal mass was identified in 3 patients (5.5%). Diabetes mellitus was demonstrated in 4 patients (7.3%) and 6 patients (10.9%) exhibited an extra-pancreatic malignant disease, including breast cancer in 2 patients, cervical cancer in 1 patient, thyroid cancer in 1 patient, hepatocellular carcinoma in 1 patient and early gastric cancer in 1 patient.
Materials and methods

Patients
Preoperative imaging study. All patients received abdominal computed tomography, whereas abdominal endoscopic ultrasound scans, magnetic resonance imaging and endoscopic retrograde cholangiopancreatography were selectively performed for preoperative evaluation to characterize cystic tumors if mural nodules appeared in a preoperative computed tomography scan. There was no definitive radiological evidence of local invasiveness in all patients, but 8 patients (8/55, 14.5%) exhibited an intracystic solid component (mural nodule). The mean size of the surgical specimen was 6.1±4.2 cm and the majority of cystic tumors (52/55, 94.5%) were located in the distal pancreas (body and tail of the pancreas), with only 3 (3/55, 5.5%) in the pancreatic head.
Selection of surgical procedures.
It was demonstrated that distal pancreatectomy with or without splenectomy was the most common type of surgical procedure for treating MCN of the pancreas (46/55, 83.6%). Cyst enucleation was performed in 5 patients (5/55, 9.1%), and pancreatoduodenectomy was performed in 3 patients (3/55, 5.5%). A laparoscopic or robot-assisted minimally invasive approach was applied in 31 patients (31/55, 56.4%). When considering cases of distal pancreatectomy, there were significant different clinical characteristics between the two institutions (Table I ). In NMS, the minimally invasive surgical approach was performed more frequently compared with the conventional surgical approach (P=0.005). However, the spleen-preserving procedure was more frequent in YUCM (P=0.069). Comparing the data from the two institutions, tumor size was demonstrated to be similar; however, tumor location and associated symptoms were identified to be significantly different (P<0.05; Table I ).
Postoperative outcomes. There was no postoperative mortality. A POPF was developed in 10 patients (10/55, 18.2%; grade B, n=9; and grade C, n=1) and postoperative hemorrhage was identified in 1 patient (1/55, 1.8%). MCN-adenoma was identified in 15 patients (27.3%) and MCN-borderline in 20 patients (36.4%). Focal non-invasive carcinoma was identified in 9 patients (9/55, 16.4%).
Chronological alterations in surgically resected MCNs of the pancreas.
A total of 11 patients (20%) were surgically treated for MCN of the pancreas in period 1, 16 patients (29.1%) in period 2 and 28 patients (50.9%) in period 3. The number of treated patients per year in period 3 increased by 5-fold compared with those in period 1 (Fig. 1) . Tumor size generally decreased over all periods. (Fig. 2) [tumor size=(-0.072) x case sequence (order of operation) + 8.088; P=0.038]. Therefore, asymptomatic patients were more frequently found through routine medical check-up (P=0.022), and minimally invasive surgery, such as the laparoscopic and robot-assisted approach, was frequently applied in the recent surgical period (P<0.001). Furthermore, a significant increase was demonstrated in spleen-preserving surgery, when performing distal pancreatectomy, between periods (P=0.026; Table II (Table III) .
Preoperative prediction of malignant transformation.
Malignant transformation (focal non-invasive mucinous cystadenocarcinoma) was observed in 9 patients (9/55, 16.4%). Follow-up data was available for 51 patients (51/55, 92.7%) and 4 patients were lost to follow-up. The mean follow-up duration was 51.6 months (range, 1.1-242.8 months). Neither recurrence nor tumor-associated mortality was observed in benign, borderline MCNs or MCNs with malignant transformation. A tumor size of >4.5 cm was identified to predict malignant transformation of MCN with an 88.9% sensitivity and a 45.7% false-positive rate (1-specificity), and this threshold value was statistically significant in the preoperative prediction of malignant transformation [area under the curve (AUC), 0.719; P=0.039; Fig. 3 ]. Radiological tumor size (≥4.5 cm; P=0.027) and intra-cystic solid portions (mural nodule; P=0.002) were identified as important preoperative clinical parameters to predict malignant transformation (Table IV) . In particular, the significance of mural nodules in predicting malignant transformation was significant in large MCNs of the pancreas (≥4.5 cm; P=0.002; Table V) .
Discussion
Pancreatic cancer is known to be one of the most lethal gastrointestinal malignant diseases. Overall survival is <5% and complete surgical resection is the most effective treatment approach (16) . However, between 10 and 15% of patients with pancreatic cancer may be surgical candidates and the long-term survival rate is between 10 and 20% with surgical resection (17) (18) (19) . Therefore, early detection and prevention are critical to improve the outcome of pancreatic cancer. MCN of the pancreas is potentially malignant and previous studies have suggested the presence of adenoma-carcinoma sequences (9, 20, 21) . Although the outcome of mucinous cystadenocarcinoma is known to be superior to that of ductal adenocarcinoma of the pancreas (22, 23) , the 5-year disease-specific survival rate for patients with invasive mucinous cystadenocarcinoma is ~30% (10) . Therefore, complete resection of the tumor prior to the development of invasive cancer is considered an important surgical goal in treating MCNs of the pancreas.
Pancreatic MCN is not an aggressive cancer (12, 24) . As described in the present study, in the follow-up of patients available (mean, 51.6 months (range, 1.1-242.8 months), neither recurrence nor tumor-specific mortality was observed in all MCNs with malignant transformation. Therefore, pancreatic surgeons should consider a patient's quality of life following pancreatectomy, as long-term survival is expected only if surgery can be performed prior to the MCN developing invasive malignant characteristics. In addition, function-preserving minimally invasive surgical approaches would be ideal for a select group of patients. Routine medical check-ups and the wider availability of axial imaging procedures have contributed to the increasing numbers of asymptomatic and smaller MCNs of the pancreas being found (1), which is consistent with the results in the present study. As the majority of MCNs of the pancreas are located in the pancreatic body and tail, minimally invasive pancreatectomy is an appropriate surgical approach; this is since laparoscopic distal pancreatectomy, with or without splenectomy, is regarded as a safe and effective treatment option for benign and borderline malignant tumors of the pancreas (25) (26) (27) (28) .
The perioperative outcomes of a minimally invasive approach to MCNs of the pancreas are comparable to those of conventional open surgery (Table III) . In the present study, MIS exhibited a significantly increased duration of surgery (316.3±152.1) compared with that of conventional surgery (208.3±95.4 min) (P<0.05). However, a difference of 100 min may not be clinically significant, considering the fact that attempts to achieve spleen-preserving are increasing. When considering distal pancreatectomy, which was the most frequent surgical procedure performed, it is particularly noteworthy that there are several different clinical characteristics between two institutions from different countries.
These observations may be due to different clinical situations, such as the individual medical insurance systems of the two institutions; however, despite the differences, the two institutions dictate the use of a minimally invasive approach.
A previous study of 179 MCN cases revealed that a large tumor size was associated with an increased risk for Table V . Significance of mural nodules in predicting malignant transformation according to tumor size. Table IV. Prediction of malignant transformation of non-invasive mucinous cystic neoplasms of the pancreas. malignancy (29) . As demonstrated in patients with intraductal papillary mucin-producing tumors of the pancreas, the cyst size of the tumor was associated with malignant transformation (6, (30) (31) (32) . Typically, a size of 3-4 cm is suggested to be a cut-off value for determining the malignant potential of MCN of the pancreas (6, 12, 33) . Although there was a limited number of cases, the results of the present study demonstrated that a tumor size of >4.5 cm was a preoperative parameter that may be used to predict the malignant transformation of MCN of the pancreas, with 88.9% sensitivity and a 45.7% false-positive rate (AUC, 0.719; P=0.039; Fig. 3 ). In addition, it was suggested that preoperative detectable mural nodules were a reliable preoperative parameter for the prediction malignant transformation in MCN of the pancreas (P=0.002). A tumor >4.5 cm combined with an intracystic solid portion (mural nodule) were associated with malignant transformation (P=0.002; Table V) . Yamao et al (24) demonstrated that the presence of a large cystic tumor (60,1±38.0 vs. 90.0±45.5 mm, P<0.001) and the presence of a nodule (28/129 vs. 14/27, P=0.003) were observed at a higher frequency in mucinous cystadenocarcinoma compared with that in mucinous cyst adenoma. Therefore, it may be appropriate to consider the tumor size and the presence of mural nodules together in predicting the malignant potential in MCNs of the pancreas. On the basis of the present study, minimally invasive pancreatectomy may be selected for small MCNs (<4.5 cm) without an invasive component in preoperative imaging studies. The minimally invasive approach may additionally be considered for radical pancreatectomy in selected cases (34) (35) (36) (37) . According to the technique and experience of the surgeon involved, active minimally invasive pancreatectomy can be applied in non-invasive MCN of the pancreas regardless of tumor size. If there are no definitive invasive characteristics identified in preoperative images, even a large tumor (≥4.5 cm) with a mural nodule may be a candidate for the minimally invasive approach, according to results of the present study (Figs. 4 and  5) . However, the risk of a rupture of the cyst during the laparoscopic approach may increase in cases of large MCNs and may lead to tumor metastasis. Nakamura et al (38) demonstrated a safe surgical technique for laparoscopic distal pancreatectomy involving a large cystic tumor based on securing sufficient working space and minimizing intraperitoneal cystic fluid spillage. Previous studies have suggested a surgical technique for spleen-preserving laparoscopic or robotic subtotal pancreatectomy with segmental resection of whole splenic vessels to avoid cystic rupture during dissection (39, 40) . Therefore, patient selection and the surgical approach are important.
In summary, pancreatic cystic tumors are a heterogeneous disease. However, unique clinical presentations and advanced radiological experience can reveal an appropriate preoperative diagnosis of MCNs of the pancreas. A tumor size of >4.5 cm with the presence of a mural nodule may predict the malignant change of pancreatic MCNs. However, the majority of cystic tumors of the pancreas with well-defined boundaries of cystic walls without local invasion in preoperative imaging are considered to be benign or borderline MCNs with or without focal non-invasive carcinomatous transformation. Therefore, minimally invasive and function-preserving pancreatectomy may be initially recommended.
